Background. Effective communication within teams is crucial, especially in crisis situations. Hierarchy gradients between team members can contribute to communication failures and are influenced by many factors. The effect of gender on team performance has not been well studied. The objective of this study was to examine the effect of the physician's gender on respiratory therapists' ability to effectively challenge clearly incorrect clinical decisions during a lifethreatening crisis. Methods. Respiratory therapists were recruited to take part in a high-fidelity simulation of can't-intubate can't-oxygenate scenarios. They were randomized into two groups, either assisting a male or a female anaesthetist in managing an airway crisis during which the anaesthetist made incorrect clinical decisions. Two independent raters scored the performances using the modified Advocacy-Inquiry Score (min 1, max 6). Results. Twenty-nine subjects completed the study. The median best challenge score when the staff anaesthetist was female was 4 (3-5 IQR [2-6 range]) compared with 3 (3-3[0-3]) for challenges to a male anaesthetist (P¼0.017). The median of the total challenges against a female staff member 11 (7.3-14.8 [2-18]) was significantly higher compared with 4 (3.5-7 [2-11.5]) for a male staff (P¼0.006). Conclusions. The study showed a significant effect of superiors' gender on a respiratory therapist's ability to challenge leadership. A female staff anaesthetist was challenged more often and with greater assertiveness and effectiveness. This has implications for an educational intervention targeting the ability to challenge a wrong decision by a supervisor and emphasizing the effect of gender on the willingness to speak up.
A key part of successful teamwork is effective communication.
Teams in an operating room environment have a complex hierarchical structure that has been found to have the potential for both negative and positive effects on communication and teamwork in different situations. 1 Failure to challenge authority in a crisis situation can contribute to compromising patient safety. 2 3 This is illustrated by the high-profile Elaine Bromiley case in which a "can't-intubate cant-oxygenate" situation resulted in the death of a young healthy woman during elective surgery. 4 Findings of the inquiry reinforce the role that human factors play in crisis situations. Junior team members recognized the seriousness of the situation and realized that a surgical airway was urgently required, however, they were unable to directly and effectively challenge the wrong decisions made by the team leaders. 5 The quality of communication between team members may depend on several factors, including interpersonal relationships, authority gradients, team climate and gender. 6 The impact of gender on communication has been studied with regards to physician-nurse relationship where historically physicians have predominantly been male and nurses predominantly female. Since the 1990s this imbalance has altered with a higher proportion of women entering medical school. 7 These studies generally describe communication between physicians and nurses still being hierarchical in nature, in part because of gender, concluding that improved communication and collaboration between groups is essential to improve patient safety and enhance team function. 8 To our knowledge, the effect of gender on communication in a crisis situation has not been studied. This study aims to understand if gender impacts a respiratory therapists' ability to challenge authority in a simulated crisis situation, when faced with clinical management they know to be incorrect and endangering patient safety.
Methods
After approval from Mount Sinai Hospital research ethics board, all Respiratory Therapists (RT) available in the hospital were recruited to participate in a simulation session. A respiratory therapist (RT) is a healthcare practitioner who is trained in airway management and ventilation including intubating patients, who works with anaesthetists and nursing staff in operating rooms and the intensive care unit. Written consent was gained before participation. Data collection took place at Mount Sinai Hospital, Toronto, from November 2013 to May 2014. Respiratory therapists were randomly assigned to participate in a difficult airway scenario with either a male or female consultant anaesthetist.
The simulation scenario was designed to analyse the subjects' ability to challenge clearly wrong decisions made during the crisis. The role of the anaesthetist (a confederate) in the can't-intubate, can't-oxygenate scenario was tightly scripted. The anaesthetist's verbal and non-verbal communication was aligned with open and inclusive leadership behaviour, intended to minimize the hierarchical element of the interpersonal relationship between the anaesthetist and RT. The scenario took place in a simulation laboratory with a high-fidelity simulation mannequin (SimMan 3G, Laerdal, Stavanger, Norway), standard operating theatre monitors and an anaesthesia gas machine.
Deliberate deception was involved in the scenario design to maintain the natural hierarchy. This was specifically highlighted in communications with the research ethics board. The fact that the anaesthetist was a confederate was not disclosed to the RTs until the debriefing. They were told that the consultant anaesthetist was also a subject in the study, and that the purpose of the study was to examine team performance in the simulation suite as compared with the operating room. Confederate roles were played by the same male and female anaesthetist in all scenarios to allow consistency. The anaesthetists involved in the study were not previously known to the RTs.
Each scenario started with a briefing for the RT and anaesthetist. They were orientated to the simulation lab and given a brief patient history. The RT and anaesthetist then spent five min alone before the simulation to allow time to establish positive interpersonal behaviour. The anaesthetist was called in to start the case, and five min later the RT was called in to help. Upon entering the room the RT was told that the patient had been induced and rocuronium had been given one min previously. Direct laryngoscopy then revealed a grade 4 laryngoscopic view and the case progressed to a can't-intubate can'toxygenate scenario. The staff anaesthetist then proceeded with repeated unsuccessful attempts to instrument the airway with the same Macintosh laryngoscope without changing any element of the management. There was no successful ventilation between intubation attempts, and the patient quickly became profoundly hypoxic.
We defined four separate opportunities for the RT to challenge the anaesthetist's management during each phase of the scenario. During the first min of mask ventilation, there was no chest rise and no end tidal CO 2 trace. The anaesthetist continued with non-effective ventilation (1 st challenge opportunity).
The first intubation attempt was declared to reveal a grade 4 Cormack-Lehane laryngoscopic view. Direct laryngoscopy was attempted for 30 s followed by 40 s of ineffective ventilation attempts and the oxygen saturation decreased to 89%. This was followed by a second identical attempt performed over the next 30 s followed again by 40 s of ineffective ventilation with no changes to management and a saturation decrease to 61%. Heart rate and blood pressure also decreased (2 nd challenge opportunity). Two more identical intubation attempts were performed in the exact same manner (3 rd and 4 th challenge opportunities). The scenario was terminated 70 s after the fourth intubation attempt. The patient's vital signs rapidly deteriorated to severe bradycardia and hypotension with low oxygen saturation (Supplementary Appendix S1). All sessions were video recorded, and subsequently rated by two independent expert raters, unfamiliar with the subjects using the previously validated modified advocacy inquiry score (mAIS) (Supplementary Appendix S2). Before the assessment, raters were trained by one of the authors (DB). After a discussion of the scale and its anchors, scenarios identical to the ones used in the study were rated independently and then discussed to Editor's key points
• Communication between members of a team is important for optimal performance.
• All staff should feel empowered to challenge an apparently incorrect decision.
• The authors studied the influence of gender on the behaviour of respiratory therapists during a simulated crisis.
• Respiratory therapists challenged female anaesthetists more often and more effectively than male anaesthetists. confirm consistency of rating. Every attempt by an RT to challenge the management of the staff anaesthetist was noted, counted and scored based on its assertiveness and the use of clear language, advocacy and inquiry. Higher scores indicate a more effective challenge, more likely to achieve a meaningful response from the supervisor.
The intraclass correlation coefficient was used to determine agreement across raters on the mAIS score. Scores were averaged between the two raters to yield a single mAIS score. For the primary outcome, the best mAIS (of all challenge attempts by an individual) was compared by the gender of the staff anaesthetist (group assignment) using the Mann-Whitney U-test. As secondary outcomes the best mAIS was also compared by the gender of the participants, and when the anaesthetist/RT were of the same gender or of different genders. Other secondary outcomes were the total number of challenges in each group (gender of the anaesthetist), and by the gender of the participants and whether the anaesthetist/RT were of the same gender or of different genders.
We used a convenience sample, that is, we attempted to recruit all respiratory therapists who were employed at Mount Sinai Hospital, Toronto.
Results
A total of 29 respiratory therapists completed the study. There were a total of 23 females and 6 males with a range of experience from one to 29 yr post qualification. As a result of data loss during backup which contained the recorded sessions of six male RTS, the group allocation was uneven, with 11 participants in the group with a male staff anaesthetist and 18 in the group with the female staff anaesthetist ( Table 1) .
The average measures interclass correlation coefficient (ICC) of the mAIS scores between the raters for the primary outcome (the best challenge across all opportunities) was 0.98 (95% confidence interval 0.96-0.99). The ICC of the mAIS scores for the secondary outcome, the total number of challenges, was 0.92 (95% CI 0.83-0.96). Both these ICC values correlate to an almost perfect degree of agreement and so the mean score of the two raters was used for the remainder of the analysis.
The following results for mAIS scores and number of challenges are all presented as median (IQR[range]). The maximum mAIS challenge score (the highest mAIS score in any challenge during the scenario) when the staff anaesthetist was female was 4 (3-5[2-6]) compared with 3 (3-3[0-3]) for challenges to a male anaesthetist (P¼0.017). The total number attempts against a female staff member (any challenge attempt during the whole scenario) was 11 (7.3-14.8 [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ) as compared with 4 (3.5-7[2-11.5]) for a male staff (P¼0.006) (Fig. 1) .
The maximum mAIS scores (the highest score in any challenge) for male RTs was 3 (3-4.4 [3-5.5] ) and was the same for female RTs 3 (3-4[2-6]) (P¼0.76). The total number of challenge attempts for male RTS was 6 (3.9-13.5 [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ) and for the female RTs 9 (4.5-11.5 [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ). This difference did not reach a level of significance (P¼0.74). The maximum mAIS scores when participants and anaesthetists were of the same gender was 3(3-4.3 [2] [3] [4] [5] [6] ) and was not different to that when participants and anaesthetists were not of the same gender 3(3-3[2-5.5]) (P¼0.26). The total number of challenges when participants and anaesthetists were of the same gender was 9 (6-13 [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ) was also not different to that when participants and anaesthetists were not of the same gender 4 (4-11.5[2.5-18]) (P¼0.27).
Year of respiratory therapy experience post-graduation did not correlate with the maximum mAIS score (Spearman's rho¼0.29, P¼0.13).
During the debriefing after each session, all the RTs without exception indicated they realized very quickly that the anaesthetist was mishandling the scenario in terms of the medical management, and that the patient's safety was compromised.
Discussion
When the staff anaesthetist was female, the respiratory therapist (RT) was more likely to make a stronger challenge to a clearly incorrect clinical decision than when the anaesthetist was male. The female anaesthetist was also more likely to have a higher number of challenge events. There was no difference observed between number or strength of challenges irrespective of the gender of the RT, nor whether the anaesthetist and RT were the same or different gender.
The 2016 National Competency Framework from the Canadian Society of Respiratory Therapists includes a competency assessment on communication skills in different type of situations including 'crisis' or 'stressful' situations. 9 It contains a statement regarding the need for insight into communications style with team members. Understanding how gender may affect communication can improve team work and the team's ability to provide safe patient care. 10 Our findings have implications for male anaesthetists who may be less likely to be challenged in the operating room even when their management is sub optimal. They may have to be more conscious of these issues and the effect of gender on implicit hierarchies than their female counterparts to create an inclusive leadership style and promote a flat hierarchical structure. Our group has previously shown that training in speaking up and challenging leadership can improve performance. 11 The findings of this current study suggest that there are also implications for awareness and emphasis of gender effects on professional interactions during communication skills and assertiveness training. It is likely that these same issues are relevant for other healthcare professionals where hierarchy gradients exist. We previously found that a superior's interpersonal behavior scripted to either recreate a strict and exclusive communication dynamic or an open inclusive communication dynamic with a minimal hierarchy effect did not have a significant impact on anaesthesia residents' ability to speak up in both an ethical crisis and a clinical crisis scenarios. 2 3 The findings of this current study are perhaps even more striking with the perspective of our previous findings. A difference in the willingness and ability to speak up was found with gender, even though no effect of a scripted non-collaborative communication style intended to maximize hierarchical influence was demonstrated. The effect of gender on challenging hierarchy has not previously been investigated. Whilst there is scanty literature looking at communication between respiratory therapists and physicians there is a wealth of studies evaluating communication between physicians and nurses. One of the first observations was by Stein in 1967 who described the 'doctor-nurse game'. 12 He claimed that nurses, by making important suggestions whilst appearing subservient, could avoid detracting from physician power and avoid conflict. In a follow up publication in 1990, he noted that nurses had unilaterally stopped playing the game, partly as a result of the increase in the number of female physicians and male nurses who did not fit this model. 13 He noted the balance of power is more equal with relationships becoming more collegial and non-hierarchical, attitudes which are now understood to positively affect communication and teamwork. These changes in the interaction between nurses and physicians were recently examined in the context of the increasing number of female doctors. A Canadian survey examined differences in interaction between female nurses and male and female physicians.
14 Two forms of a survey were completed by a self selected population of nurses working in a university based hospital. They comprised of four clinical vignettes which identified areas of strain in a doctor-nurse relationship. The only difference between the surveys was the gender of the physician in the clinical vignettes. Information regarding nurse physician interactions, expectations, likely actions and their feelings regarding the physicians were collected. Their results suggest that power differentials between physicians and nurses continue to be shaped and influenced by gender stereotypes and not solely profession.
This link between gender and power in medicine has been further reinforced by results of a study in Norway, examining the dynamic between female physicians and nurses. 15 It found multiple factors contributing to the differences in communication when compared with a male physician and female nurse communication dynamic. They suggest that these factors can be attributed partly to the changing role of women in society over the last 20-30 yr. They identify femininity as a new trait in the medical profession and suggest that female physicians are a new "third category", the others being a male physician and a female nurse. This status-incongruence leaves the female physician trying to fill the role of "doctor" and "woman" and leaves those working with her having to treat her primarily as one or the other. The nationwide survey and qualitative interviews with male and female physicians identified implications of changing gender relations, including less help, assistance and respect for female physicians than for male colleagues. They explain that the experiences of female physicians could be accounted for by the link between gender and power in medicine. Traditionally, male physicians were placed highest in the medical hierarchy. Challenging male physicians could therefore be seen as more risky than challenging a female physician. Communication between predominantly male dentists and dental nurses who are largely female has also been studied in Northern Ireland and The Netherlands. 16 The authors commented that previous studies in this area identified that male dentists had easier communication with their dental nurses compared with female dentists. In particular younger female dentists found it difficult to strike a balance between authority and being friendly. The results of the survey concluded that male dentists had a more "gender influenced" communication dynamic reflecting the flirtatious style of the interaction between male dentist and female nurse, whereas females reported a "friendly-relationship". They suggest that awareness of gender influences should be introduced into educational programs.
All the above findings demonstrate that the problem of gender inequality is still very much alive and is influencing communication dynamics within medicine and possibly affecting the quality of patient care.
In contrast, a survey of advanced practice nurses, comparing their attitudes towards male and female physicians rated male and female physicians similarly. 17 The authors concede that this only took into account advanced nurse practitioners who could be viewed as having different characteristics and professional authority than the general nursing population.
More importantly, what this study demonstrates is that the power imbalance can be changed, especially when female practitioners are professionally empowered and may then be able to assert their views more efficiently. These variations in attitude are shown again in the results of a US study which concluded that the majority of nurses use an indirect or suggestive approach which maintains the traditional hierarchical structure between physician and nurse. 18 The authors note however, that a small proportion of nurses use a direct approach and are usually emergency department nurses, charge nurses or male nurses. These groups are seen to have less of a power imbalance between nurse and physician and more effective interactions eliciting a more collaborative response. This becomes especially important in crisis situations where time is critical and oblique indirect communication is likely to fail. These studies point towards education as the possible solution to mitigating the effects of this hierarchy and gender imbalance. An educational program that aimed to improve collaboration between new residents and existing nursing staff in Florida, explored the feelings of the nursing staff regarding communication with medical residents. Male nurses in the group reported that they felt similar frustration to the (predominantly male) physicians when communicating with female nurses, concluding that gender can affect the type of communication that the physician responds to. Male physicians and nurses preferred quick fact based communication whilst the female nurses preferred in depth discussions to understand the situation completely. 19 After this, nurses underwent an educational intervention focusing on positive communication and collaboration skills.
The majority of the studies mentioned conclude that gender does influence communication styles partly as a result of the perceived power imbalance between males and females in medicine. However in more professionally advanced subgroups of nurses communication styles are changing. This supports the evidence that a flat hierarchy gradient tends to encourage a more collaborative communication style. While research in the area helps underline the problem, it will not be enough to change these deeply embedded attitudes within medicine. Hierarchy gradients in general and specifically in the context of gender need to be addressed by extensive educational interventions at an early stage during medical training. This should be carried out in a fashion similar to what was done in the aviation industry with the introduction of the Cockpit Resource Management course to address safety problems stemming from hierarchy gradients. The course soon became an obligatory part of aircrew training and the concept was later adopted into medicine, and evolved into the CRM courses which are an integral part of medical training in most places. 20 Perhaps it is time to use these courses to emphasize the effect of gender on communication and try to minimize the adverse effects of this interaction, especially in crisis situations similar to the ones in the current research scenario. In our study we only used one male and one female staff anaesthetist as confederates, and this can be considered both a strength and a limitation. While this allowed standardization, and gender was probably the most obvious difference between the two confederates, it was of course not the only difference. Confederate behavior was tightly scripted, and both confederate were of the same ethnicity, however other subtle differences in appearance and behavior, including height, build, age, and accent may also be a source of potential bias. It is possible that the female anaesthetist was perceived as more approachable; however, this may be a part of the problem of how a supervisor's gender affects our perceptions. Our data supports the need for further research using a group of multiple male and female confederates. The raters could not be blinded to the gender of the staff anaesthetist for obvious reasons which may have introduced bias to the scoring. Simulation artifacts could also have played a role in having different behavior in the simulation lab compared with real life. Also, the convenience sample size which included the whole institutional population of RTs available at the time of the study was small which limits the generalizability of the study. The data loss which reduced the sample size as well causing an imbalance in group allocation limits the generalizability of the study as well.
In conclusion, this study suggests that female staff anaesthetists are more likely to be challenged than males when making clearly wrong clinical decisions in an emergency airway scenario. This is consistent with previous literature on relationships between doctors and other healthcare professionals, which shows a long history of power imbalance within a hierarchical medical culture that is in part because of gender. This has implications for both staff anaesthetists and other healthcare professionals and this aspect of the "speaking up" dynamic should be emphasized during communication training.
